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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for 
continuously and safely measuring the displacement 
of a civil engineering structure by use of 
Rayleigh scattering occurring in an optical fiber, : 
while amplifying microscopic displacements. 
SOLUTION: The apparatus detects the displacement 
of the civil engineering structure 12 from changes j 
in the backscattered light of a light pulse input 
to the optical fiber 11. The optical fiber 11 is 
fixedly connected to the displacement amplifying 
rod 23 of a displacement amplifying means 21 £ 
provided in a displacement detecting part. When it | 
is assumed that a crack 29 occurs in the civil 
engineering structure 12 and the structure 12 is 
displaced by x, the distance over which the fiber 
supporting point 27 of the displacement amplifying 
means 21 is displaced is amplified for detection. 
When the optical fiber 11 is pulled by the 
displacement amplifying rod 23, it is curved at an 
acute angle and the amount of backscattered light decreases sharply. This is 
measured by an optical time domain reflection measuring instrument 13. The distance 
to the place of occurrence of the crack 29 is determined from light reception time 
and the velocity of light within the optical fiber 11. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
danagea caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the displacement metering device using Rayleigh 
scattering for measuring the variation rate of a soil tree structure object etc. using the back scattered light 
(henceforth Rayleigh scattering) of an optical fiber. 
[0002] 

[Description of the Prior Art] In order to have inspected deformation (distortion) of a tunnel, a bridge, 
and other soil tree structure objects conventionally, human being patrolled the dark tunnel etc. on foot, 
variation rates, such as a crack, were looked for by visual inspection, or test mortar was applied to the* 
part whi.ch the variation rate has produced, and the variation rate was checked according to the condition 
of this test mortar. 
[0003] 

[Problem(s) to be Solved by the Invention] Like before, by the approach which human being patrols on 
foot and does visual inspection, long-distance inspection took much time amount, and there was a 
problem that it could not always observe continuously. Moreover, in the tunnel which the crack etc. has 
already generated, since it did not understand when a cave-in, a mudslide, etc. would occur, the problem 
that risk was too large was to observe the progress condition. Moreover, mm unit or in the case of not 
more than it, by the soil tree structure object or the base rock, there was a problem that it was difficult 
decision of the progress condition according [ progress of a crack ] to viewing to be not only very 
difficult, but to grasp a change with time. 

[0004] This invention aims at offering the equipment which moreover amplifies minute displacement 
safely and measures continuously the variation rate of huge soil tree structure objects, such as a tunnel 
certainly safely by using Rayleigh scattering of an optical fiber 
[0005] 

[Means for Solving the Problem] In the equipment which detected the variation rate of said soil tree 
structure object 12 by change of the back scattered light of the light pulse which this invention spread 
the optical fiber 11 around the soil tree structure object 12, and was inputted into the end of this optical 
fiber 11 the variation rate of said soil tree structure object 12 - a detection part - a variation rate -- the 
magnification means 21 - preparing - this variation rate - the variation rate of the magnification means 
21 -- the magnification rod 23 - said optical fiber 1 1 - connection immobilization - carrying out - 
becoming - a variation rate - the magnification means 21 The displacement transfer member 22 and the 
displacement magnification rod 23 are connected free [ rotation ] by the end point 24. The fixed point 25 
of the displacement transfer member 22 It is attached in one wall surface of the soil tree structure object 
12 which sandwiched the crack 29 fixed. Moreover, the fixed point 26 of the displacement 
magnification rod 23 It is attached fixed [ the fixed point 25 which sandwiched the crack 29 ] on the 
wall surface of the soil tree structure object 12 of an opposite hand. Said fixed point 26 It is the 
displacement metering device which was set as the nearest possible location from the end point 24 and 
used for the point of said displacement magnification rod 23 Rayleigh scattering characterized by ' 
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forming the fiber supporting point 27 which supports an optical fiber 11. 

[0006] In the above configurations, if the crack 29 should occur in the soil tree structure object 12 and 
only x should carry out displacement migration, the displacement travel in the fiber supporting point 27 
will be amplified and detected. 

[0007] If an optical fiber 1 1 is pulled by the displacement magnification rod 23, it will be bent by the 
acute angle in the location of the acute edge 46. By acute angle bending of this optical fiber 1 1, the 
amount of scattered lights to back decreases sharply. This is measured with the optical time domain 
reflective measuring instrument 13. The distance of the generating point of a crack 29 is found from the 
light-receiving time amount at this time, and the velocity of light within an optical fiber 11. 
[0008] 

[Embodiment of the Invention] There are Rayleigh scattering, a Brillouin scattering, and Raman 
scattering in the scattering phenomenon in an optical fiber 11, and the spectrum of these scattered lights 
is shown in drawing 7 . Rayleigh scattering is produced by consistency fluctuation in the medium of a 
component with the same frequency as incident light. A Brillouin scattering is produced by the 
interaction of the component for which a frequency differs from incident light slightly, and the acoustic 
wave in a medium. Raman scattering is produced by interactions, such as a component for which a 
frequency differs from incident light slightly, and mojecular vibration in a medium. 
[0009] This invention explains the principle of this invention based on drawing 1 about the equipment 
which measures the variation rate of a soil tree structure object etc. among the scattering phenomena in 
the above optical fibers 1 1 using Rayleigh scattering. 1 1 is an optical fiber and this optical fiber 1 1 is 
attachedin the measured part of the huge soil tree structure objects 12, such as a tunnel. The end face 
section 14 of said optical fiber 11 is combined with the optical time domain reflective measuring 
instrument 13. 

[0010] In such a configuration, if a light pulse 17 is sent into an optical fiber 1 1 from the optical time 
domain reflective measuring instrument 13, this light pulse 17 will spread the interior of an optica] fiber 
11. Here, the variation rate should arise at least in test sections-ed, such as a wall surface of the soil tree 
structure object 12, and the flection 16 should arise in the optical fiber 1 1 in connection with this. Then, 
a part of light pulse 17 serves as the Rayleigh-scattering light 18 by the part of this flection 16, a part of 
light pulse 17 is returned to the end face section 14 side, and the remainder serves as the progress light 
pulse 19, and is spread to an end 15 side. 

[001 1] In the pan of a flection 16, since bigger optical loss than a straight-line part arises, the dip of the 
optical loss curve 20 becomes large by this part. Moreover, the big optical loss also by end 15 part of an 
optical fiber 1 1 arises. This optical loss curve 20 is the display of the optical time domain reflective 
measuring instrument 13, and optical loss and an axis of abscissa are displayed as a laying distance of an 
optical fiber 1 1 in an axis of ordinate. 

[0012] Although the laying distance of an optical fiber 11 is determined by the die length of the soil tree 
structure object 12, the distance from the soil tree structure object 12 to the installation of the optical 
time domain reflective measuring instrument 13, etc., it is possible to about 10km. 
[0013] In order to catch the Rayleigh scattered light 18 in an optical fiber 1 1, it is required that a 
diameter makes it crooked to about 7mm with the variation rate of an optical fiber 1 1. However the 
variation rate of the soil tree structure object 12 is minute, and it is difficult to catch the direct Rayleieh- 
scattering light 18 from crookedness of an optical fiber 11. 

[0014] Then, it enables it to also have detected the variation rate not more than 1mm or it by amplifying 
and detecting the variation rate of the soil tree structure object 12 in this invention. Drawing 2 - drawing 
5 explain as an example the case where the soil tree structure object 12 is a tunnel about the 
displacement magnification means 21 which made this possible. Although it fixes to lm spacing extent 
and spreads around from several 10cm in the soil tree structure object 12 as an optical fiber 1 1 is shown 
in drawing 2 , said displacement magnification means 21 is attached in parts which are going to measure 
a variation rate, such as a generating part of the crack 29 in the soil tree structure object 12 This 
displacement magnification means 21 consists of a part which amplifies and detects a variation rate and 
a part which makes an optical fiber 1 1 more certainly crooked with that variation rate. 
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[0015] said variation rate - the magnification means 21 is shown in drawing 3 - as - a variation rate -- 
the transfer member 22 and a variation rate -- the magnification rod 23 connects free [ rotation ] by the 
end point 24 - having - said variation rate ~ the fixed point 25 of the transfer member 22 It is attached 
in one wall surface of the soil tree structure object 12 which sandwiched the crack 29 fixed, and the 
fixed point 26 of the displacement magnification rod 23 is attached fixed [ the fixed point 25 which 
sandwiched the crack 29 ] on the wall surface of the soil tree structure object 12 of an opposite hand. 
Said fixed point 26 is set as the nearest possible location from an end point 24. Moreover, the fiber 
supporting point 27 which supports an optical fiber 1 1 fixed is formed in the point of the displacement 
magnification rod 23. The crookedness generator 30 is formed in the both sides of said fiber supporting 
point 27, respectively, and the optical fiber 1 1 is being further fixed to the soil tree structure object 12 by 
the fiber fastener 28 in the location of each outside. 

[0016] Said crookedness generator 30 is explained based on drawing 4 and drawing 5 . Said crookedness 
generator 30 consists of a cover plate 36 which die length of one side puts on the vessel body 35 of the 
corrosion resistance whose thickness is about 1cm, and this vessel body 35 by about 5-10cm. The 1st 
crevice 39 and the 2nd crevice 40 are several times the depth of the diameter of an optical fiber 1 1, and 
it is mutually open for free passage, and is formed in said vessel body 35, and the advice projected part 
42 is formed in the 1st crevice 39 side of this free passage part. The gap parts of the periphery of this 
advice projected part 42 and the inner circumference of the 1st crevice 39 serve as a diameter of an 
optical fiber 1 1, and the advice path 43 of abbreviation identitas, and the ends part of the advice 
projected part 42 serves as the acute edge 46. 

[0017] It inserts from the right-and-left both-sides section of said 1st crevice 39, free passage formation 
of the hole 37 is carried out to the exterior, the middle serves as a diameter of an optical fiber . 1 1, and the 
neck 38 of abbreviation identitas, and this plug hole 37 is opening a part for ends opening of this neck 
38 for free passage outside while it spreads in the shape of a trumpet and is open for free passage to the 
1st crevice 39. the periphery of said advice projected part 42 ~ confronting each other - and the 
diameter of an optical fiber 1 1 and abbreviation it has the same spacing, and a supporter 44 ****s 
with a washer 49 and is attached by 45. 

[0018] It twists in the center of abbreviation of said 2nd crevice 40 with spacing which twists an optical 
fiber 1 1 several times and can do it, the section 41 is formed in it, and this anchoring hole 48 that twists 
and penetrates the section 41 and said cover plate 36 is drilled in it. 47 is an assembly hole for anchoring 
of a vessel body 35 and a cover plate 36. te 
[0019] In this condition, it inserts in from one plug hole 37 of a vessel body 35 to a neck 38 and the 1st 
crevice 39, and further, an optical fiber 11 is twisted inside the 2nd crevice 40 through the advice path 
43, is twisted around the section 41 once or twice, and is again inserted in the 1st crevice 39 through the 
advice path 43 of another side, and it is taken out from the plug hole 37 of another side through a neck 

[0020] In order to set said optical fiber 1 1 in the crookedness generator 30, an optical fiber 1 1 is inserted 
in wjth sufficiently big radius of curvature so that it may become a small bending loss as much as 
possible inside the 1st crevice 39 and the 2nd crevice 40. When an optical fiber 1 1 applies a supporter 44 
to the part which crosses at the advice paths 43 and 43, ****s with a washer 49 and next binds tight by 
45, an optical fiber 1 1 is fixed. 

[0021] Similarly, an optical fiber 11 is inserted in the vessel body 35 of all the crookedness generators 
30, and it fixes to it. At this time, as the hauling force is not applied to an optical fiber 1 1 it fixes to it 
with the fiber fastener 28. 

[0022] An operation when a crack 29 next occurs in the soil tree structure object 12 is explained In 
drawing 3 • the crack 29 should occur in the optical fiber 1 1. a variation rate - the transfer member 22 is 
fixed in the fixed point 25 - having -- a variation rate - since the magnification rod 23 is being fixed in 
the fixed point 26 - a crack 29 - the direction of a graphic display arrow head - x -- a variation rate 
if it should move - the fixed point 26 -- the same -- x -- a variation rate - it moves. However, since it 
connects with the displacement transfer member 22, an end point 24 is not displaced 
[0023] Here, if between distance is set to b for the distance from an end point 24 to the fixed point 26 
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from a and the end point 24 to the fiber supporting point 27, the displacement travel y in the fiber 
supporting point 27 will serve as y=x-b/a. When b>a, it means that it was amplified only b/a times 
(about at least 10 times). 

[0024] If an optical fiber 1 1 is pulled by the displacement magnification rod 23, as shown in the chain 
line of drawing 3 and drawing 4 , an optical fiber 1 1 will be bent by. the acute angle in the location of the 
acute edge 46 of the advice projected part 42, or an optical fiber 1 1 will cut it in the location of this 
acute edge 46 depending on the case. 

[0025] By acute angle bending or cutting of this optical fiber 11, bending loss of an optical fiber 1 1 
increases rapidly, and the amount of scattered lights to back decreases sharply. This is measured by 
OTDR in the optical time domain reflective measuring instrument 13 (optical fiber RIFUREKUTO 
meter). Since the quantity of light detected with this optical time domain reflective measuring 
instrument 13 is feeble, it performs equalization processing repeatedly and serves as a wave like drawing 
1 . The distance of a disaster generating point is found from the light-receiving time amount at this time, 
and the velocity of light within an optical fiber 11. 

[0026] If the optical time domain reflective measuring instrument 13 is carried out in this way and 
variation rates, such as a crack 29, are detected in the soil tree structure object 12, a manager etc. will be 
told about it through an internal dispatch circuit etc. 

[0027] Although the displacement y after magnification becomes in the same direction as the direction 
of a variation rate x and the crookedness generator 30 of the left-hand side in drawing serves as 
crookedness point of application in said example shown in drawing 3 since the location of the fixed 
point 26 of the displacement magnification rod 23 was prepared between the end point 24 and the fiber 
supporting point 27 In the location of the fixed point 26, on both sides of an end point 24, it is good also 
as an opposite direction, and in this case, the displacement y after magnification becomes a variation rate 
x and an opposite direction, and the crookedness generator 30 by the side of drawing Nakamigi serves as 
crookedness point of application. 

[0028] Said crookedness generator 30 is not restricted to structure as shown in drawing 4 and drawing 
_ , easy structure as shown in drawing 6 is sufficient, in short, when an optical fiber 1 1 is pulled, by 
changing from the large diameter LI to the small diameter L2, bending loss of an optical fiber 11 
increases rapidly, and the amount of scattered lights to back should just decrease sharply. 
[0029] moreover, said variation rate - a variation rate as shows the magnification means 21 to drawing 
3 -- the transfer member 22 and a variation rate - it may not be restricted to what constituted the 
magnification rod 23 as a subject, and you may be a gearing and the thing which amplifies a variation 
rate according to other devices, and can be detected. 
[0030] 

[Effect of the Invention] As compared with the approach which human being like before patrols on foot, 
and does visual inspection, long-distance inspection can always observe continuously in a short time 
Moreover, since direct human being does not need to go into the tunnel 12 which has generated the 
crack 29 except the time of installation of an optical fiber 1 1 and the displacement magnification means 
21, it is safe even if a cave-in, a mudslide, etc. occur. 

[0031] The thing not more than mm unit or it for which decision of a progress condition is very exact 
and progress of the crack 29 in the soil tree structure object 12, a base rock, etc. grasps a change with 
timewith the displacement magnification means 21 even if minute is easy. Since it considered as the 
configuration which formed the advice projected part 42 which has the acute edge 46 in this fixed 
position, the crookedness generator 30 does not have the components which carry out movable 
mechanically, and even if it is as [ ** / which was installed for a long period of time ], it operates 
certainly, while carrying out receipt immobilization of the middle of an optical fiber 11 with curvature 
which serves as a small bending loss as much as possible. 
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